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Couple a read input to a first switch of a pull-up network
and to a first switch of a pull-down network, the pull-up
network coupled between a read out line and a first voltage
level, and the pull-down network coupled between the read
out line and a second voltage level

508 \ ¢

Couple a select input to a second switch of the pull-up
network and to a second switch of the pull-down network,
the first and second switches of the pull-up network
configured to pull the read out line to the first voltage level
when the select input is in a select state and the read input
is in a first read state, and the first and second switches of
the pull-down network configured to pull the read out line
to the second voltage level when the select input is in the
select state and the read input is in a second read state

AN
512 \ I

Couple an output of a set of memory cells to the read input,
thereby placing the read input in one of the first or the
second read state

516 \ ¢

Switch the select input to the select state, thereby pulling
the read out line to the first voltage level if the output of the
set of memory cells places the read input in the first read
state or pulling the read out line to the second voltage level
if the output of the set of memory cells places the read
input in the second read state

FIG. 5
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Enable a selected one of a plurality of read-select gates, each
coupled between a shared read-out line and an associated
set of memory cells of a memory array, enabling the
selected read-select gate causing the read-out line to have a
read-out line value that indicates, within a single gate
delay, a memory value of the set of memory cells associated
with the selected read-select gate

612a\ ¢

Output a memory output value from an output circuit
according to the read-out line value

604a\

FIG. 6A
- o
604b\

Enable a selected one of a plurality of read-select gates, each
coupled between an associated set of memory cells of a
memory array and an associated one of a plurality of
shared read-out lines, enabling the selected read-select gate
causing the associated read-out line to have a read-out line
value that indicates, within a single gate delay, a memory
value of the set of memory cells associated with the selected
read-select gate

608 \ ¢

Output the read-out line value to a corresponding one of a
plurality of global read-out lines via a corresponding one of
a plurality of global line switch circuits, each global read-
out line coupled with a corresponding shared read-out line
via a corresponding global line switch circuit

612b\ ¢

Output a memory output value from an output circuit
coupled with each of the plurality of global read-out lines
according to the read-out line value

FIG. 6B
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FAST MEMORY READ-OUT

FIELD

Embodiments relate generally to memory circuitry, and,
more particularly, to read-out circuitry for wide column selec-
tion memory arrays.

BACKGROUND

Functionality of computational systems often involves
access to values stored in one or more specific cells of large
memory arrays. The memory array includes rows and col-
umns of memory cells. Typically, addressing circuitry and/or
signals are used to select a memory cell from the array that is
associated with a specified row and column, and the value of
that memory cell is passed through read-out circuitry to a
shared output line. In this way, specific values can be selected
from large arrays of memory cells with an appreciably
reduced number of read-out lines. However, adding circuitry
to the memory read-out path can negatively impact power
consumption and memory access times. While addressing
and read-out circuitry can be sped up by increasing clock
speeds, realizing the additional clock speeds can involve con-
suming additional power. Accordingly, it may be desirable in
many applications to provide novel techniques for speeding
up the read-out of memory arrays without relying on
increased power consumption.

BRIEF SUMMARY

Among other things, embodiments provide novel systems
and methods for memory read-out using a combined read-
select circuit. A novel read-select circuit is described, which,
when enabled for reading, concurrently reads its respective
input line and selects its value for read-out by the circuit. For
example, the read-select circuit includes a pull-up network
and a pull-down network, operable to pull up or pull down a
read-out line according to both a read input value and a select
input value. When the select value is enabled, the circuit
effectively reads and selects the value within a single gate
delay time. This can reduce delays and unnecessary toggling
resulting from separate read and select circuits. Some imple-
mentations also include a multi-global-line architecture that
can reduce the number of read stages in the memory read-out
circuitry, thereby further reducing read-out delays. Accord-
ingly, embodiments can be faster and more efficient than
many traditional implementations without relying on an
increase in power consumption or clock speed.

According to one set of embodiments, a system is provided
for memory read-out. The system includes a read-select cir-
cuit that has: a read input; a select input; a first and a second
voltage level input; a read-select output; a first switch net-
work; and a second switch network. The first switch network
is coupled between the read-select output and the first voltage
level input, the first switch network having a first switch
coupled with the read input and a second switch coupled with
the select input, the first switch network operable to pull the
read-select output to the first voltage level input when the read
input is in a first read state and the select input is in a select
state. The second switch network is coupled between the
read-select output and the second voltage level input, the
second switch network having a third switch coupled with the
read input and a fourth switch coupled with the select input,
the second switch network operable to pull the read-select
output to the second voltage level input when the read input is
in a second read state and the select input is in the select state.
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According to another set of embodiments, a method is
provided for memory read-out. The method includes: cou-
pling aread input to a first switch of a first switch network and
to a first switch of a second switch network, the first switch
network coupled between a read-select output and a first
voltage level, and the second switch network coupled
between the read-select output and a second voltage level;
coupling a select input to a second switch of the first switch
network and to a second switch of the second switch network,
the first and second switches of the first switch network con-
figured to pull the read-select output to the first voltage level
when the select input is in a select state and the read input is
in a first read state, and the first and second switches of the
second switch network configured to pull the read-select out-
put to the second voltage level when the select input is in the
select state and the read input is in a second read state; and
switching the select input to the select state when the read
input is in the first read state, thereby pulling the read-select
output to the first voltage level.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure is described in conjunction with the
appended figures:

FIG. 1A shows a block diagram of an illustrative memory
read-out environment, according to various embodiments;

FIG. 1B shows a block diagram of another illustrative
memory read-out environment, according to various embodi-
ments;

FIGS. 2A and 2B show schematic diagrams of an illustra-
tive line read-select circuit when reading a HIGH and a LOW
memory value, respectively, according to various embodi-
ments;

FIGS. 3A and 3B show schematic diagrams of a first and
second part of a traditional memory read-out implementation,
respectively;

FIGS. 4A and 4B show schematic diagrams of a first and
second part of an illustrative, novel memory read-out envi-
ronment, respectively, according to various embodiments;

FIG. 5 shows a flow diagram of an illustrative method for
memory read-out, according to various embodiments;

FIG. 6A shows a flow diagram of another illustrative
method for memory read-out, according to various embodi-
ments; and

FIG. 6B shows a flow diagram of another illustrative
method for memory read-out that is an alternative embodi-
ment of the method of FIG. 6A.

In the appended figures, similar components and/or fea-
tures may have the same reference label. Further, various
components of the same type may be distinguished by fol-
lowing the reference label by a second label that distinguishes
among the similar components. If only the first reference
label is used in the specification, the description is applicable
to any one of the similar components having the same first
reference label irrespective of the second reference label.

DETAILED DESCRIPTION

Functionality of computational systems often involves
access to values stored in one or more specific cells of large
memory arrays, and fast access speeds are typically desirable.
Traditional addressing and read-out circuitry coupled with
wide memory arrays can increase memory access times.
While addressing and read-out circuitry can be sped up by
increasing clock speeds, realizing the additional clock speeds
can involve consuming additional power. Accordingly, it may
be desirable in many applications to provide novel techniques
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for speeding up the read-out of memory arrays without rely-
ing on increased power consumption.

As described below, many traditional memory read-out
techniques involve separate read and select circuits on each
line (e.g., associated with each column of a connected
memory array), and additional global read and select circuits
for selecting between multiple sub-arrays (e.g., a right-side
memory sub-array and a left-side memory sub-array that
make up a wide memory array). The multiple separate read
and select circuits can manifest a number of limitations. For
example, each circuit can contribute delay to the memory
read-out functionality, separate read and select circuitry can
cause unnecessary toggling of unselected portions of the cir-
cuit, many implementations rely on additional recovery cir-
cuitry, etc.

Embodiments described herein include a novel read-select
circuit that, when enabled for reading, concurrently reads its
respective input line and selects its value for read-out by the
circuit. This can reduce delays and unnecessary toggling
resulting from separate read and select circuits. Some imple-
mentations also include a multi-global-line architecture that
can reduce the number of read stages in the memory read-out
circuitry, thereby further reducing read-out delays. Accord-
ingly, embodiments can be faster and more efficient than
many traditional implementations without relying on an
increase in power consumption or clock speed.

In the following description, numerous specific details are
set forth to provide a thorough understanding of the present
invention. However, one having ordinary skill in the art
should recognize that the invention may be practiced without
these specific details. In some instances, circuits, structures,
and techniques have not been shown in detail to avoid obscur-
ing the present invention.

Turning first to FIG. 1A, a block diagram is shown of an
illustrative memory read-out environment 1004, according to
various embodiments. The memory read-out environment
100a includes a memory array 105 coupled with a memory
read-out system 120. The memory array 105 includes a num-
ber of memory cells 110 arranged in an array of rows and
columns. Addressing circuitry (not shown) is used to select
one of the memory cells 110 to be read out by the memory
read-out system 120. As illustrated, each column of the array
of memory cells 110 is coupled in parallel to an input of the
memory read-out system 120, and the memory read-out sys-
tem 120 outputs a single read output line 125 representing the
value of the selected memory cell 110. Embodiments are
described herein according to a column selection and read-
out scheme for a memory array, but similar or identical tech-
niques can be applied for different memory architectures
without departing from the scope of embodiments.

Embodiments of the memory read-out system 120 include
line read-select circuits 130 (e.g., each coupled with a column
of'the array of memory cells 110) and a staticizer circuit 150.
According to some implementations, functionality of the
various circuits is controlled via signaling from a controller
160. Addressing circuitry (e.g., that is part of or separate from
the controller 160) can be used to select a single memory cell
110 for read-out by its row and column. For example, a
desired value is stored at the memory cell 110 in position (row
a, column a) of the array (illustrated as memory cell 110aa).
Addressing circuitry is used to select “row a,” so that the value
of the “column a” line corresponds to memory cell 110aa.
Accordingly, the read input line 1154 corresponding to “col-
umn a” and coupled with line read-select circuit 130a corre-
sponds to the value stored at memory cell 110aa.

Though each line read-select circuit 130 is coupled with a
respective column via a respective read input line 115, only
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4

the value being read by line read-select circuit 130a is desired.
The controller 160 (e.g., which can include the same or dif-
ferent addressing circuitry) can effectively enable one of the
line read-select circuits 130, which concurrently reads the
value of its respective read input line 115 and selects its read
value as the value to be passed to the read output line 125 via
the staticizer circuit 150. The staticizer circuit 150 can
include any circuitry for presenting the selected line read-
select circuit 130 output as the read output line 125 in a
manner suitable for use by other components. For example,
the staticizer circuit 150 includes circuitry to facilitate global
reset functionality, isolation functionality (e.g., with proper
output impedance), gating functionality, etc. Some embodi-
ments of the memory read-out environment 100a include
additional circuitry for providing read locking, recovery,
reset, and/or other functionality.

FIG. 1B shows a block diagram of another illustrative
memory read-out environment 1005, according to various
embodiments. The memory read-out environment 1005
includes a memory array 105 (illustrated as including a left-
hand memory sub-array 105a and a right-hand memory sub-
array 1055) coupled with a memory read-out system 120. The
memory array 105 includes a number of memory cells 110
arranged in an array of rows and columns. As in FIG. 1A, each
column of memory cells 110 in the memory array 105 is
coupled with a respective line read-select circuit 130 via a
read input line 115 of the memory read-out system 120.

In the illustrated architecture, the line read-select circuits
130 are arranged in subsets, each subset corresponding to one
of the sub-arrays of the memory array 105. According to
many traditional implementations, separate read and select
circuitry is used, first at the subset level, and then at a global
level. For example, all the read circuits in a subset indepen-
dently toggle according to the values of their respective con-
nected memory cells, and a first selection circuit selects
which value from the subset is of interest (i.e., a first read
stage). Then, values from the various subsets (each subset
passes a value, even if not of interest) are passed to a global
read circuit and a global select circuit that read then select the
value of interest from among the subsets (i.e., a second read
stage). The value of interest can be passed on a single global
read line for use as the final read output value (i.e., a third read
stage). As illustrated in FIG. 1B, the subsets of line read-
select circuits 130 can be passed to a multi-global-line circuit
140. Embodiments of the multi-global-line circuit 140 allow
the concurrently read and selected value from each subset to
be passed through to the staticizer circuit 150 (e.g., in paral-
lel) without an intermediate global read stage. As described
with referenceto FIG. 1A, functionality of the line read-select
circuits 130, the staticizer circuit 150, and the multi-global-
line circuit 140 can be controlled by the controller 160. Fur-
ther, though not shown, embodiments further include addi-
tional circuitry for providing read locking, recovery, reset,
and/or other functionality, for example, as described below.

FIGS. 2A and 2B show schematic diagrams of an illustra-
tive line read-select circuit 130 when reading a HIGH and a
LOW memory value, respectively, according to various
embodiments. The value of interest (e.g., the read input line
corresponding to a column of memory cells) is coupled to a
read_top input 203. Some implementations support addi-
tional read inputs. For the sake of simplicity, another read
input (a read_bottom input 205) is shown, but it assumed to be
held LOW. It will be appreciated that the circuit can be easily
modified to remove the read_bottom input 205 (e.g., by also
removing components 210¢ and 220c¢), or configured to read
the read_bottom input 205 path by holding the read_top input
203 LOW.
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In the illustrated circuit, a read_select input 209 is provided
in such a way that the line read-select circuits 130 are enabled
(i.e., concurrently read and selected) when the read_select
input 209 is LOW. Accordingly, it is assumed that the
read_select input 209 is initially HIGH. The line read-select
circuits 130 include a “pull-up” network of PMOS transistors
210 and a “pull-down” network of NMOS transistors 220 on
either side of a read_output line 207. With the read_bottom
input 205 held LOW, it effectively allows operation of the line
read-select circuits 130 to be controlled completely by the
read_top input 203 and the read_select input 209.

Turning first to FIG. 2A, the value of interest being read at
the read_top input 203 is LOW. The LOW signal turns on
PMOS transistor 2105 and turns oftf NMOS transistor 2205.
When the read_select input 209 is set to LOW (i.e., when the
line read-select circuit 130a is enabled), the LOW signal turns
on PMOS transistor 210a. Accordingly, the read_output line
307 is pulled HIGH through the pull-up network of PMOS
transistors 210 (i.e., through PMOS transistor 210a and
PMOS transistor 2105). The read_select input 209 is also
passed through an inverter 215, thereby presenting a HIGH
value to the NMOS transistor 220 network and turning on
NMOS transistor 220a. However, because NMOS transistor
22054 is in series with NMOS transistor 220a and is off, the
pull-down network of NMOS transistors 220 does not affect
the read_output line 307.

Turning to FIG. 2B, the value of interest being read at the
read_top input 203 is HIGH. The HIGH signal turns off
PMOS transistor 2105 and turns on NMOS transistor 2205.
As in FIG. 2A, when the read_select input 209 is set to LOW,
the LOW signal turns on PMOS transistor 210a and (after
passing through inverter 215) turns on NMOS transistor
220a. Accordingly, the read_output line 307 is pulled LOW
through the pull-down network of NMOS transistors 210
(i.e., through NMOS transistor 220a and NMOS transistor
2205 (and through NMOS transistor 220¢ in embodiments
that include the read_bottom input 205)). Even though the
read_select input 209 turns on PMOS transistor 210a, the
read_top input 203 has turned off PMOS transistor 210q in
series therewith, so that the pull-up network of PMOS tran-
sistors 210 does not affect the read_output line 307.

The line read-select circuits 130 shown in FIGS. 2A and 2B
show an illustrative circuit configuration by which the read
and select circuitry is effectively combined into a single gate
with a single delay. Various modifications can be made to the
circuit without departing from the scope of embodiments. For
example, the circuit can be reconfigured and/or component
selections can be affected to accommodate additional read
inputs, to use different types of circuit components, to accom-
modate different design specifications (e.g., relating to
power, impedance, switching frequency, cost, etc.), and/or for
other reasons. For example, the circuit can be reconfigured to
be enabled when the read_select input 209 is HIGH. The
circuit can also be reconfigured so that the read_output line
307 is HIGH when the value being read on the read_top input
203 is HIGH.

As will be described more fully below, use of these types of
line read-select circuits 130 provides various features. For
example, embodiments can be configured so they do not
toggle when they are not selected. Further, embodiments can
be configured to operate in context of a multi-global-line
architecture, without additional recovery signaling, and/or
with other features.

For the sake of added clarity, FIGS. 3A and 3B show
schematic diagrams of a first and second part of a traditional
memory read-out implementation 300, respectively. The
illustrative traditional implementation is intended only to
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highlight novel features of some embodiments described
herein, and is not intended to represent any particular prior art
embodiment or to limit the scope of novel embodiments
described herein. In FIG. 3A, a memory array 105 of memory
cells 110 is coupled to a memory read-out circuit. For
example, each column of the memory array 105 is coupled
with a respective first read stage 320. It is assumed (e.g., as
described above with reference to FIG. 1B) that the illustrated
memory array 105 is actually a left-hand sub-array, and,
though not shown for the sake of simplicity, a substantially
identical right-hand sub-array is coupled with substantially
identical first read stages 320.

As will be described below, each traditional first read stage
320 includes a separate read circuit 322 and select circuit 324,
each introducing arespective delay. As the values stored in the
memory cells 110 toggle, so do the coupled read circuits 322
of the first read stages 320. When a selection is made (e.g.,
using column addressing), the selected value is reflected on a
left read line 340 (i.e., and substantially identical functional-
ity causes a value to be reflected on a right read line 350,
shown in FIG. 3B). A first read lock circuit 330 can be
included, for example, to prevent the left read line 340 from
floating.

Turning to FIG. 3B, the left read line 340 and right read line
350 are coupled with a second read stage 360 (e.g., a global
read stage). The second read stage 360 also includes a global
read circuit 364 and a global select circuit 366, each of which
introduces delay. The selected value from the second read
stage 360 is passed on a single global read line 362 to a third
read stage 380, which outputs a read out line 390. The third
read stage 380 typically includes a read circuit (e.g., a stati-
cizer or the like), but no additional select circuit, thereby
adding a single additional delay. Some implementations also
include a second read lock circuit 370, for example, to main-
tain the selected value from the second read stage 360 while
it is read out. Some implementations also include a left-right
recovery circuit 345 and a global recovery circuit 365 to
ensure that the selected memory cell value is actually the
values being read out.

For the sake of illustration, the signals are initially config-
ured so that all the line_bottom signals 302 are HIGH and all
the line_select signals 304 are LOW. Between reads, a left-
right recovery signal 347 can go LOW, causing the left-right
recovery circuit 345 to pull both the left read line 340 and the
right read line 350 HIGH. The left-right recovery signal 347
can return to HIGH, effectively turning the left-right recovery
circuit 345 off, and allowing the values on the left read line
340 and the right read line 350 to be controlled by their
respective first read stages 320 (e.g., and/or maintained by the
respective first read lock circuits 330). Similarly, a global
recovery signal 367 can go LOW, causing the global recovery
circuit 365 to pull the global read line 362 HIGH. The global
recovery signal 367 can return to HIGH, effectively turning
the global recovery circuit 365 off, and allowing the value on
the global read line 362 to be controlled by the second read
stage 360 (e.g., and/or maintained by the second read lock
circuit 370). A global reset signal 395 is also set to HIGH.

Suppose it is desired to read “column a” of memory cells
(110aa-110ar) coupled with first read stage 320q, and the
value is LOW (e.g., logical 0). The value at the respective read
input line 115a¢ is LOW, causing the read circuit 322a to
output a HIGH value, thereby turning on the bottom half of
the select circuit 324q after a first delay. The line_select signal
304a is toggled to HIGH, thereby turning on the other half of
the select circuit 3244, and pulling the left read line 340 LOW
after a second delay. With the left read line 340 being LOW
and the right read line 350 being HIGH, the global read circuit
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364 outputs a HIGH value after a third delay. This turns on the
global select circuit 366, pulling the global read line 362
LOW after a fourth delay. With the global read line 362 LOW,
the read out line 390 is HIGH. Because the read out line 390
is HIGH when a LOW value is read from memory, some
implementations include an inverter (not shown) to match the
output with the read value.

Now suppose with the same initial conditions, it is desired
again to read “column a” of memory cells (110aa-110ar)
coupled with first read stage 320q, but the value is HIGH (e.g.,
logical 1). The value at the respective read input line 115a is
HIGH, causing the read circuit 3224 to output a LOW value,
thereby turning off the bottom half of the select circuit 324a.
The line_select signal 304q is toggled to HIGH, thereby
turning on the other half of the select circuit 324a, though the
left read line 340 is substantially unaffected and remains at its
recovered HIGH value. With the left read line 340 and the
right read line 350 both being HIGH, the global read circuit
364 outputs a LOW value. This turns off the global select
circuit 366, maintaining the global read line 362 at the recov-
ered HIGH value. With the global read line 362 HIGH (and
the global reset signal 395 set to HIGH), the read out line 390
is LOW. The read out line 390 is LOW when a HIGH value is
read from memory.

As illustrated by the above, reading out the memory can
include five delays (i.e., a delay from each of the read circuit
322 and select circuit 324 of the first read stage 320, a delay
from each of the global read circuit 364 and global select
circuit 366 of the second read stage 360, and a delay from the
third read stage 380). Further, the read circuits 322 of the first
read stages 320 toggle, even when not selected, which can
consume additional power. Even further, architectures can
rely on separate recovery circuits and signals to ensure proper
read out of the memory.

FIGS. 4A and 4B show schematic diagrams of a first and
second part of an illustrative, novel memory read-out envi-
ronment 400, respectively, according to various embodi-
ments. In FIG. 4A, a memory array 105 of memory cells 110
is coupled to a memory read-out circuit. For example, each
column of the memory array 105 is coupled with a respective
first read stage 420. It is assumed (e.g., as described above
with reference to FIG. 1B) that the illustrated memory array
105 is actually a left-hand sub-array, and, though not shown
for the sake of simplicity, a substantially identical right-hand
sub-array is coupled with substantially identical first read
stages 420.

Each first read stage 420 includes a line read-select circuit,
for example, the line read-select circuit 130 described above
with reference to FIGS. 2A and 2B. As described above, the
line read-select circuits 130 can be implemented with various
features, including, for example, manifesting one delay (as
compared to the two delays manifested by traditional, sepa-
rate read and select circuitry), and not toggling when not
selected. When one of the line read-select circuits 130 is
enabled (i.e., to concurrently read and sect its respective
column value), the read and selected value is reflected on a
left read line 440 (i.e., and substantially identical functional-
ity can causes a value to read, selected, and reflected on a right
read line 450, shown in FIG. 4B). A first read lock circuit 430
can be included, for example, to prevent the left read line 440
from floating.

Turningto FIG. 4B, the left read line 440 and right read line
450 are coupled with a multi-global-line architecture 443 that
directly feeds a final, second read stage 480 (e.g., without
going through an intermediate global read stage, as illustrated
by the second read stage 360 of FIG. 3B). The second read
stage 480 outputs a read out line 490. For example, the multi-
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global-line architecture 443 includes multiple (e.g., two) glo-
bal read lines that feed a set of gates arranged as a staticizer
circuit or the like. The second read stage 480 can add a delay.
Some implementations also include a second read lock circuit
470, for example, to maintain the global line values, even
though no global read stage is included. Some implementa-
tions also include a left-right recovery circuit 445 and a global
recovery circuit 465. In some implementations, the left-right
recovery circuit 445 is removed, and read select inputs for
each first read stage 420 (e.g., read_select inputs 209 of FIGS.
2A and 2B) are used in lieu of separate left-right recovery
signaling.

For the sake of illustration, the signals are initially config-
ured so that all the first read stage 420 circuits are disabled and
controlled only by their respective read input lines 115 (or
read_top inputs 203, as illustrated in FIGS. 2A and 2B) and
their respective read_select inputs 209. As discussed above,
for the particular implementation of line read-select circuit
illustrated, this can be accomplished by setting all the
read_bottom inputs 205 and the read_select inputs 209 to a
logical HIGH value. It is assumed as a starting condition that
the left read line 440 and the right rad line 450 are LOW. For
example, in some embodiments, a left-right recovery signal
447 can go HIGH, causing the left-right recovery circuit 445
to pull both the left read line 440 and the right read line 450
LOW. The left-right recovery signal 447 can return to LOW,
effectively turning the left-right recovery circuit 445 off, and
allowing the values on the left read line 440 and the right read
line 450 to be controlled by their respective first read stages
420 (e.g., and/or maintained by the respective first read lock
circuits 430). Similarly, a global recovery signal 467 can go
LOW, causing the global recovery circuit 465 to turn on and
pull the two global read lines 443 HIGH. The global recovery
signal 467 can return to HIGH, effectively turning the global
recovery circuit 465 off, and allowing the value on both global
read lines 443 to be controlled by outputs of the first read
stages 420 (e.g., and/or maintained by the second read lock
circuit 470). A global reset signal 495 is also set to HIGH.

Suppose it is desired to read “column a” of memory cells
(110aa-110ar) coupled with first read stage 420q, and the
value is LOW (e.g., logical 0). The value at the respective read
input line 115a is LOW. When the read_select input 2094
goes LOW, the line read-select circuit outputs a HIGH value
(e.g., see FIG. 2A) to the left read line 440 after a first delay.
When the left read line 440 goes HIGH, a left global line
switch 441a turns on, thereby pulling the left global read line
443a LOW after a second delay. With the left global read line
443a LOW, the read out line 490 is HIGH (e.g., after a third
delay). Because the read out line 490 is HIGH when a LOW
value is read from memory, some implementations include an
inverter (not shown) to match the output with the read value.

Now suppose with the same initial conditions, it is desired
again to read “column a” of memory cells (110aa-110ar)
coupled with first read stage 420q, but the value is HIGH (e.g.,
logical 1). The value at the respective read input line 115a is
HIGH. When the read_select input 209a goes LOW, the line
read-select circuit outputs a LOW value (e.g., see FIG. 2B) to
the left read line 440. As described above, regardless of
whether separate recovery signaling is used, the left read line
440 is typically already LOW. Accordingly, when the
read_select input 209a goes LOW, the line read-select circuit
can be considered as merely maintaining the LOW value on
the left read line 440. This can also keep the left global line
switch 441aq off, thereby maintaining the left global read line
443aq in its initial HIGH state. With the left global read line
443a HIGH (and the right global read line 4435 HIGH, and
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the global reset signal 495 HIGH), the read out line 490 is
LOW. The read out line 490 is LOW when a HIGH value is
read from memory.

As illustrated by the above, reading out the memory can be
implemented in only three delays (i.e., a single delay from the
first read stage 420, a single delay from the global line
switches 441, and a delay from the second (final) read stage
480). This can reduce delays associated with memory read-
out over some traditional implementations. Further, the line
read-select circuits of the first read stages 420 do not toggle
unless they are selected, which can reduce power consump-
tion over some traditional implementations. Even further, as
described above, the read_select inputs 209 can be used for
recovery signaling in lieu of separate recovery circuits in
some implementations.

Turning to FIG. 5, a flow diagram is provided of an illus-
trative method 500 for memory read-out, according to various
embodiments. Embodiments of the method 500 begin at stage
504 by coupling a read input to a first switch of a pull-up
network and to a first switch of a pull-down network. The
pull-up network is coupled between a read-out line and a first
voltage level, and the pulldown network is coupled between
the read-out line and a second voltage level. For example, the
pull-up network is a network of PMOS transistors coupled
between the read-out line and a logical HIGH voltage level
(e.g., +5 Volts), and the pull-down network is a network of
NMOS transistors coupled between the read-out line and a
logical LOW level (e.g., ground).

At stage 508, a select input is coupled to a second switch of
the pull-up network and to a second switch of the pull-down
network. The first and second switches of the pull-up network
are configured to pull the read-out line to the first voltage level
when the select input is in a select state and the read input is
in a first read state. For example, the pull-up network can be
configured to pull the read-out line to a logical HIGH level
when the select input goes LOW and the read input is LOW.
The first and second switches of the pull-down network are
configured to pull the read-out line to the second voltage level
when the select input is in the select state and the read input is
in a second read state. For example, the pull-down network
can be configured to pull the read-out line to a logical LOW
level when the select input goes LOW and the read input is
HIGH.

According to some embodiments, further connections are
made so that the functionality described with reference to
stages 504 and 508 can be used to set the value of the read-out
line according to an output value from one or more memory
cells. At stage 512, an output of a set of memory cells is
coupled to the read input, thereby placing the read input in
one of the first or the second read state. For example, in an
array of memory cells, a set (e.g., row or column) of memory
cells can be coupled to the read input, and the output value of
the set of memory cells can reflect a present value of a selected
memory cell from the set. If the output value of the set of
memory cells is HIGH, the read input can be similarly HIGH
according to the coupling therebetween.

At stage 516, the select input can be switched to its select
state (e.g., LOW), thereby pulling the read-out line up or
down according to the value of the output of the set of
memory cells as reflected on the read input. In some imple-
mentations, the read-out line is pulled to the first voltage level
if the output of the set of memory cells places the read input
in the first read state, or the read-out line is pulled to the
second voltage level if the output of the set of memory cells
places the read input in the second read state. For example, if
the output of the set of memory cells is LOW when the select
input switches to its select state, the values of the read input
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and the select input turn on the pull-up network and turn off
the pull-down network, thereby pulling the read-out line up to
the first voltage level. Alternately, if the output of the set of
memory cells is HIGH when the select input switches to its
select state, the values of the read input and the select input
turn off the pull-up network and turn on the pull-down net-
work, thereby pulling the read-out line down to the second
voltage level.

FIG. 6A shows a flow diagram of another illustrative
method 600a for memory read-out, according to various
embodiments. Embodiments of the method 600a begin at
stage 604a by enabling a selected one of a number of read-
select gates. Each read-select gate is coupled between a
shared read-out line and an associated set of memory cells of
amemory array. Enabling the selected read-select gate causes
the read-out line to have a read-out line value that indicates a
memory value of the set of memory cells associated with the
selected read-select gate. As described above, rather than
having separate read and select gates, each with its own
associated gate delay, embodiments include a combined read-
select gate that operates within a single gate delay.

In some implementations, the read-select gate operates
according to the method 500 described with respect to FIG. 5.
For example, the read-select gate is coupled between the
shared read-out line and the associated set of memory cells
via its read input. Enabling the selected read-select gate can
involve using addressing functionality to select the desired
read-select gate from the number of read-select gates, and
switching the select input of that gate to its select state.
Enabling the selected read-select gate can effectively cause
the memory value of the set of memory cells associated with
the selected read-select gate to concurrently be read and
selected for output on the shared read-out line.

Insome embodiments, the read-select gates are coupled via
the shared read-out line to an output circuit. At stage 612a, the
output circuit is used to output a memory output value accord-
ing to the read-out line value. In some implementations, the
output circuit includes one or more gates (e.g., arranged as a
staticizer, or the like) configured to generate the memory
output value as a function of the value present on the shared
read-out line.

FIG. 6B shows a flow diagram of another illustrative
method 6005 for memory read-out that is an alternative
embodiment of the method 600a of FIG. 6 A. Embodiments of
the method 6005 begin at stage 6045 by enabling a selected
one of a number of read-select gates having an output that is
coupled between an associated set of memory cells of a
memory array and one of a number of shared read-out lines.
Enabling the selected read-select gate causes its associated
shared read-out line to have a read-out line value that indi-
cates a memory value of the set of memory cells associated
with the selected read-select gate. For example, in a wide
memory array having many (e.g., eight or more) columns of
memory cells, subsets of columns (e.g., four-column subsets)
are tied, each via respective read-select gates, to respective
shared read-out lines.

At stage 608, the read-out line value on the shared read-out
line is output to one of a number of global read-out lines via
a corresponding one of a number of global line switch cir-
cuits. Certain embodiments described herein can be imple-
mented with a single global read-out line. However, accord-
ing to stage 608, some implementations have multiple global
read-out lines, each coupled with a respective shared read-out
line via a respective global line switch. For example, a wide
memory array includes eight columns of memory cells. Each
column is coupled in parallel with a respective read-select
gate, so that there are eight read-select gates. The outputs of
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four of the read-select gates are coupled with a first shared
read-out line, and the outputs of the other four of the read-
select gates are coupled with a second shared read-out line.
The first shared read-out line is coupled with a first global
read-out line via a first global line switch, and the second
shared read-out line is coupled with a second global read-out
line via a second global line switch.

Each global read-out line can then be coupled with an
output circuit. At stage 6124, the output circuit is used to
output a memory output value according to the read-out line
value. For example, the output circuit includes one or more
gates coupled with all the global read-out lines, and operable
to generate the memory output value as a function of the
values present on all the global read-out lines. Implementa-
tions are configured so that only the relevant read-out line
value controls the memory output value, though all the global
memory lines are coupled with the output circuit. For
example, the values of all the global read-out lines are always
LOW, unless the memory value of the set of memory cells
associated with the selected read-select gate is HIGH, in
which case the global read-out line associated with the shared
read-out line associated with the selected read-select gate
goes HIGH.

The methods disclosed herein comprise one or more
actions for achieving the described method. The method and/
or actions may be interchanged with one another without
departing from the scope of the claims. In other words, unless
a specific order of actions is specified, the order and/or use of
specific actions may be modified without departing from the
scope of the claims.

The various operations of methods and functions of certain
system components described above may be performed by
any suitable means capable of performing the corresponding
functions. The means may include various hardware and/or
software component(s) and/or module(s), including, but not
limited to a circuit, an application specific integrated circuit
(ASIC), or processor. For example, logical blocks, modules,
and circuits described may be implemented or performed
with a general purpose processor, a digital signal processor
(DSP), an ASIC, a field programmable gate array signal
(FPGA), or other programmable logic device (PLD), discrete
gate, or transistor logic, discrete hardware components, or
any combination thereof designed to perform the functions
described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be
any commercially available processor, controller, microcon-
troller, or state machine. A processor may also be imple-
mented as a combination of computing devices, e.g., a com-
bination of a DSP and a microprocessor, a plurality of
microprocessors, one or more MiCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

The steps of a method or algorithm or other functionality
described in connection with the present disclosure, may be
embodied directly in hardware, in a software module
executed by a processor, or in a combination of the two. A
software module may reside in any form of tangible storage
medium. Some examples of storage media that may be used
include random access memory (RAM), read only memory
(ROM), flash memory, EPROM memory, EEPROM memory,
registers, a hard disk, a removable disk, a CD-ROM and so
forth. A storage medium may be coupled to a processor such
that the processor can read information from, and write infor-
mation to, the storage medium. In the alternative, the storage
medium may be integral to the processor. A software module
may be a single instruction, or many instructions, and may be
distributed over several different code segments, among dif-
ferent programs, and across multiple storage media. Thus, a
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computer program product may perform operations pre-
sented herein. For example, such a computer program product
may be a computer readable tangible medium having instruc-
tions tangibly stored (and/or encoded) thereon, the instruc-
tions being executable by one or more processors to perform
the operations described herein. The computer program prod-
uct may include packaging material. Software or instructions
may also be transmitted over a transmission medium. For
example, software may be transmitted from a website, server,
or other remote source using a transmission medium such as
a coaxial cable, fiber optic cable, twisted pair, digital sub-
scriber line (DSL), or wireless technology such as infrared,
radio, or microwave.

Other examples and implementations are within the scope
and spirit of the disclosure and appended claims. For
example, features implementing functions may also be physi-
cally located at various positions, including being distributed
such that portions of functions are implemented at different
physical locations. Also, as used herein, including in the
claims, “or” as used in a list of items prefaced by “at least one
of” indicates a disjunctive list such that, for example, a list of
“at least one of A, B, or C” means A or B or C or AB or AC or
BC or ABC (i.e., A and B and C). Further, the term “exem-
plary” does not mean that the described example is preferred
or better than other examples.

Various changes, substitutions, and alterations to the tech-
niques described herein can be made without departing from
the technology of the teachings as defined by the appended
claims. Moreover, the scope of the disclosure and claims is
not limited to the particular aspects of the process, machine,
manufacture, composition of matter, means, methods, and
actions described above. Processes, machines, manufacture,
compositions of matter, means, methods, or actions, pres-
ently existing or later to be developed, that perform substan-
tially the same function or achieve substantially the same
result as the corresponding aspects described herein may be
utilized. Accordingly, the appended claims include within
their scope such processes, machines, manufacture, compo-
sitions of matter, means, methods, or actions.

What is claimed is:

1. A system comprising:

a read-select circuit comprising:

a read input;

a select input;

a first voltage level input and a second voltage level input;

a read-select output;

a first switch network coupled between the read-select
output and the first voltage level input, the first switch
network comprising a first switch coupled with the read
input and a second switch coupled with the select input,
the first switch network operable to pull the read-select
output to the first voltage level input when the read input
is in a first read state and the select input is in a select
state; and

a second switch network coupled between the read-select
output and the second voltage level input, the second
switch network comprising a third switch coupled with
the read input and a fourth switch coupled with the select
input, the second switch network operable to pull the
read-select output to the second voltage level input when
the read input is in a second read state and the select
input is in the select state, such that a memory state of a
memory cell coupled with the read input is concurrently
read and selected according to respective states of the
read input and the select input.
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2. The system of claim 1, wherein:

the first switch network is a pull-up network;

the second switch network is a pull-down network; and

the first, second, third, and fourth switches are transistors.

3. The system of claim 1, wherein:

the first switch network is operable, when the read input is
in the first read state, to pull the read-select output to the
first voltage level input within a single gate delay after
the select input is switched to the select state; and

the second switch network is operable, when the read input
is in the second read state, to pull the read-select output
to the second voltage level input within a single gate
delay after the select input is switched to the select state.

4. The system of claim 1, further comprising:

an array of memory cells, a subset of the memory cells
coupled with a memory subset output that is coupled
with the read input of the read-select circuit so that the
read input is in the first read state when the memory
subset output indicates a first memory state, and the read
input is in the second read state when the memory subset
output indicates a second memory state.

5. The system of claim 1, further comprising:

a plurality of read-select circuits, the read-select circuit
being one of the plurality of read-select circuits; and

a plurality of subsets of memory cells of a memory, each
coupled with an associated memory subset output that is
coupled with a read input of an associated one of the
plurality of read-select circuits, so that the read input of
each read-select circuit is in the first read state when its
associated memory subset output indicates a first
memory state, and the read input of each read-select
circuit is in the second read state when its associated
memory subset output indicates a second memory state.

6. The system of claim 5, further comprising:

a shared read-out line coupled with the read-select outputs
of the plurality of read-select circuits,

wherein the select inputs of the plurality of read-select
circuits are normally not in the select state, such that,
when the select input of a particular read-select circuit is
switched to the select state, the shared read-out line
indicates a value according to the memory state of the
subset of memory cells associated with the particular
read-select circuit.

7. The system of claim 6, further comprising:

a memory output circuit coupled with the shared read-out
line and operable to generate a memory output value
according to the value indicated by the shared read-out
line.

8. The system of claim 7, wherein the memory output

circuit is a staticizer circuit.

9. The system of claim 5, further comprising:

a first shared read-out line coupled with the read-select
outputs of a first portion of the plurality of read-select
circuits; and

a second shared read-out line coupled with the read-select
outputs of a second portion of the plurality of read-select
circuits,

wherein the select inputs of the plurality of read-select
circuits are normally not in the select state, such that,
when the select input of a particular read-select circuit is
switched to the select state, the shared read-out line
coupled with the read-select output of the particular
read-select circuit indicates a value according to the
memory state of the subset of memory cells associated
with the particular read-select circuit.
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10. The system of claim 9, further comprising:

a memory output circuit coupled with the first and second
shared read-out lines and operable to generate a memory
output value according to the value indicated by the
shared read-out line coupled with the read-select output
of the particular read-select circuit.

11. The system of claim 10, further comprising:

a multi-global-line circuit comprising:

a first global read-out line coupled with the first shared
read-out line via a first global line switch; and

a second global read-out line coupled with the second
shared read-out line via a second global line switch,

wherein each of the first and second global line switches is
operableto indicate a global read-out value on its respec-
tive global read-out line according to the value indicated
by its respective shared read-out line, and

wherein the memory output circuit is coupled with the first
and second shared read-out lines via the multi-global-
line circuit and is operable to generate the memory out-
put value according to the global read-out values of the
first and second global read-out lines.

12. The system of claim 5, further comprising:

a controller configured to enable one of the plurality of
read-select circuits by setting its select input to the select
state.

13. A method for memory read-out, the method compris-

ing:

coupling a read input to a first switch of a first switch
network and to a first switch of a second switch network,
the first switch network coupled between a read-select
output and a first voltage level, and the second switch
network coupled between the read-select output and a
second voltage level;

coupling a select input to a second switch of the first switch
network and to a second switch of the second switch
network, the first and second switches of the first switch
network configured to pull the read-select output to the
first voltage level when the selectinput is in a select state
and the read input is in a first read state, and the first and
second switches of the second switch network config-
ured to pull the read-select output to the second voltage
level when the select input is in the select state and the
read input is in a second read state; and

switching the select input to the select state when the read
input is in the first read state, thereby pulling the read-
select output to the first voltage level, thereby concur-
rently reading and selecting a memory state of amemory
cell coupled with the read input according to respective
states of the read input and the select input.

14. The method of claim 13, further comprising:

coupling an output of a set of memory cells to the read
input, thereby placing the read input in one of the first or
the second read state according to the output of the set of
memory cells.

15. The method of claim 13, wherein:

switching the select input to the select state when the read
input is in the first read state thereby pulls the read-select
output to the first voltage level within a single gate delay
after the select input is switched to the select state.

16. The method of claim 13, further comprising:

coupling the read-select output with a shared read-out line,

wherein the first switch network, the second switch net-
work, and the read-select output are part of a particular
read-select circuit of a plurality of read-select circuits,
each read-select circuit having a select input and having
aread-select output that is coupled with the shared read-
out line, and
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wherein the select inputs of the plurality of read-select
circuits are normally not in the select state, such that
switching the select input of the particular read-select
circuit to the select state when the read input is in the first
read state thereby pulls the shared read-out line to a
value according to pulling the read-select output of the
particular read-select circuit to the first voltage level.

17. The method of claim 16, further comprising:

generating a memory output value according to the value
indicated by the shared read-out line.

18. The method of claim 13, further comprising:

coupling the read-select output with a first of a plurality of
shared read-out lines,

wherein the first switch network, the second switch net-
work, and the read-select output are part of a particular
read-select circuit of a plurality of read-select circuits,
each read-select circuit having a select input and a read-
select output, the read-select outputs of a first portion of
the read-select circuits coupled with the first shared
read-out line and the read-select outputs of a second
portion of the read-select circuits coupled with the sec-
ond shared read-out line, and

wherein the select inputs of the plurality of read-select
circuits are normally not in the select state, such that
switching the select input of the particular read-select
circuit to the select state when the read input is in the first
read state thereby pulls the first shared read-out line to a
value according to pulling the read-select output of the
particular read-select circuit to the first voltage level.

19. The method of claim 18, further comprising:

generating a memory output value according to the values
indicated by both the first and second shared read-out
lines, thereby generating the memory output value
according to pulling the read-select output of the par-
ticular read-select circuit to the first voltage level.

20. The method of claim 18, further comprising:

coupling a first global read-out line with the first shared
read-out line via a first global line switch;

coupling a second global read-out line with the second
shared read-out line via a second global line switch, such
that each of the first and second global read-out lines
indicates a global read-out value according to the value
indicated by its respective shared read-out line; and

generating a memory output value according to the values
indicated by both the first and second global read-out
lines, thereby generating the memory output value
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according to pulling the read-select output of the par-

ticular read-select circuit to the first voltage level.

21. A system comprising:

a plurality of read-select circuits, each comprising:

a first switch network that pulls a respective read-select
output to a first voltage level when a respective read
inputis in a first read state and a respective select input
is in a select state, each respective select input being
normally not in the select state; and

a second switch network that pulls the respective read-
select output to a second voltage level when the
respective read input is in a second read state and the
respective select input is in the select state;

a plurality of subsets of memory cells of a memory, each
coupled with an associated memory subset output that is
coupled with a read input of an associated one of the
plurality of read-select circuits, so that the read input of
each read-select circuit is in the first read state when its
associated memory subset output indicates a first
memory state, and the read input of each read-select
circuit is in the second read state when its associated
memory subset output indicates a second memory state;

a plurality of shared read-out lines, each coupled with the
read-select outputs of a respective portion of the plural-
ity of read-select circuits, such that, when the select
input of a particular read-select circuit is switched to the
select state, the shared read-out line coupled with the
read-select output of the particular read-select circuit
indicates a value according to the memory state of the
subset of memory cells associated with the particular
read-select circuit; and

a multi-global-line circuit comprising:

a plurality of global read-out lines, each coupled with a
respective shared read-out line via a respective global
line switch, and each operable to indicate a global read-
out value on its respective global read-out line according
to the value indicated by its respective shared read-out
line.

22. The system of claim 21, further comprising:

a memory output circuit coupled with the plurality of
shared read-out lines via the multi-global-line circuit
and operable to generate a memory output value accord-
ing to the value indicated by the shared read-out line
coupled with the read-select output of the particular
read-select circuit according to the global read-out val-
ues of the global read-out lines.
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